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Development of Methodology for Certification of Type B Shipping

Containers using Analytical and Testing ‘techniques*

Renida R, Shurp and Daniel T. ~’wl~

INTRODUCTION

The .AnalysIs Md Tcsung Group (WX. 1 I ) 01 ~C Wsl LmEnglnCCrlr~~~lvlslon :1[LAM AIMIWS N;monid
Lb3m10ry (LANL) ISdcvcloplng mc~~ology tor d~slgnlng ~d provlcilng u ~sIs tor cc~lflcduon 01 I.w B
shipping contarers. This methodology WIII include design, ~~ysIs, [Cstmg, tabncation, procurement, ~d
t)brainmg ccrtdka,wn of [he ‘1’ypc B con~lncrs, ;lli~wlng UNI~C In SUppOII Of tic Unl[cd SUWS Dcpartmen[ 0~
Energy programs. Whllc till aspccLs 01 tic :,~Ckqlng &vclopm~nl MC Inclk)dcd m lhIS mcthnth)h)ry, this
paper frxuscs m tic use 01 miilysui and tcsung P ,nniqucs ior cnhimcmg the ctcsl~n and provldm~ a basis for
ccrtrfkauon, ‘his mcthodologj IS based on co,j: I - cm cngmccnng prmclplcs.
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published SARP gul~cllnes In Rt+J, (;ui~e 7,~, The ~ol[owlng ~c[l~ps dl~uss how WC pwkagc dc.$lgn meets
lilt rcquuemeru.. 01 10 CFR 71:

1, Gcneml Discussmrr
2. SKUCtural EvaluaLron
:. Thcrrml Evaluauon
: (’wruunmcnt Evaluwmr
i, Shielding EvaluaLron
‘1. (-Srmcah[y Evaluatmrr
“. Operawrg Prmcdures
~. Acceptance and Malntenarwc
‘~. @dI[y Assurarwc

ANALYSIS TECHNIQUES

.Analysls of shipping conuuners serves several purposes. During the prehmlnary dcslgn phase, anakns
prowdes necessary mformacton on SpCCIfiCcom~nent dcsl~ rc.qulrcmcn~. AMIlySIS prior to temrng hdps
denufy aEM of a SINCUWCwhere ~en[i~ pr~blcms Couid ~SC dllnng tie vxung, PfC.tCStlng WUdySISak$o
helps deterrrune Iocauons k)r ms~men~uon m ~)rdcr w op[lm IZC wc (ia~ gatherer.i during tcsung, Post-tcst
.UKJVSISIS u.st!dto understand [he dala ob~}~d from ‘he ~slm~ ~nd helps (o benchmark IJICiudvscs. (.)ncc WI
.malyt.d model is %nchmarked, d~slgn parame~rs, ln~ludmg Component [ola-arwcs and malenal
,:hamctcmsucs, can be varml in or~r LOWIVZC how ~C dcsl~n responds to the extremes O( the CnVUOnmCntd
comhuons. In some cases, when tcsung IS lrnpr~uC~l, WUIIWIS IS Ihc (mlv muthmi that WII] UIIOW the crr~meer
I(J contmn the acccptabdlty ol lhc dcstgn, s

(’omputcr modeling [Whnlqucs u.@ at L~NL lnCl~dc IJIC~BAQ[,lS finl~ Clcmcn[ &rxdysIs mdc I for illdySCS
that wlii be used for ccrut’i~t.mn), IIYNA, pRO~(>, ~XpL(), .~d Omcr analysls and optlmlzwun prOg~S.
The ABAQUS finltc clcmcnt C~C IS~ comme~]~l, bcnchmwk~ code ~@je of pcrl”,ormmg gcornetrlc and
matcrrd rrmdtn~ SU~ACand dynarnlc ev~~uons WIL/I IuIJ y cOUplCdhcM -d stress analvsls, iiu$w
displacements and rntauorrs. tinitc s~m cl~slomc~, and rl@ surtacc Con~Ls. I%c l)YNA Urrcc-dlmcnslond
I Inl[c clcmcnt cmk IS c:~ptiblc (M ~mly/mK Iurgc dClo~lJuon” i~~~ur~l dynmi~ rcspmscs. W t’RONTO ~~
~iodc mcludcs nonlmcar consutuuve models and gcomcmc ntmlinc~ucs rcsujung trom Iargc dctkrnatmns,
,md IS capable o! provldmg dynamic impact analysis. f3PL0 IS u onc4mensmrritl thermal anidvws code
which USC,S! Inltc dlt Icrcl]ccs to ~alCuj~tc ~cnl~rulu~, Ilclds, ~.,,~p[,~) ~Wl USC~Cn]~ra(ilrc-tlciKr}~lcnt mwcnitl
lwo~rtlcs inclu(linK ph~sc ~h~gcs and mul~plc hc~t ~)ur~c IC~S WI~l h)url@ ~on(jluons LhfitInclude
((mductmrr, Ilux. r;ldiutron, ml mtcmtil or cxtcrnitl convcctmn cmimons.
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ncasurcmenLs. Nontraditional instrr,rrnenraLionIS develo@ for ~1~ applim~ons such as heat IIUX
measuremerw kffxlsurement recording systems Include &La Ioggem for measurements spanning several dily~
or weeks, and fwt RWIL,IL rmordcrs for m~~men~ sp~n~g ,Seveml mllli~ond d~uons. Llost s~stems
prowde real time output and hard COpy (faM pIOS within mlnu~~ of test completion.

Labo~Lory slmufations of’ transportation environmen~ ~ ~hleved using vlb~tion, shock. stitLtC,
cnvwonmental and thermal test equipment. Vib~tton lcsung ixl]lties mclurle clrxrodvnamic and
scrvohytiui:c test cqulpmen[ WI~ up m ~~,oof) ~unds [or~c ~apaclLY and fr~quenCy r~ges irom (), 1 10
: .Of)()})z. Shock tcsung machmes have capabiii[ics up lo J,(xM pounds ~d 5,M)0 g 01 ;]cuclcrauon. A I f(J-
I’oo[ vcrucaf lower prOVIdCSthc ~@lli[y for drop lC~ung obwls up to fl~ ~unds onto an “unywlchng’
UWgeL pwu~tic ~d hydros(ittic p~su.re [Mung IS posslb]e up [O 1oo,~ psi. SMUC l~d t~t frames have
compres.wve and tensde capacities up m 2,2w,~ pounds ot force. Cycltile ~em-rai chambers with
temperature ranges from -70 to 180 degrees Celslus ~d VOIW~ Up 10 z~~ cubic feet are U~ to demonstrate
(icslgn f’uncoortality at envwonrrtenti extremes. Onc ~Crmaj ch~ber ~lOWS slmul~ous aftrtude sunufation
UP to 1oo,~~ fex?tof elevation or controlled rclauve humldl[v ~(w~n 5 ~d 95 percent. c~pabi]iucs tor watCS
spray and i.rnmermon testing exisL rJene~ I@ WStcWablllUes mcludmg bolh fixed and portable systems
using pttss~ tip, pressure ~, or helium m= spccwo.wopy We avallat)le. A wind-shielded I-UCpIl clght
tcet m durrteter can susrmn a fuel fue bdm for up to two hours.

!v’latenai charxtcnzauon facilh.ies exist [O genente MM rcquUCd m dCVCIOpc~nstltut~ve rnatcml rnodck for
use m analyucaf ctfo~. This ability ~lOWS maten~ pro~~cs Lo~ CVUIu~LClfunder the uctuaf cnvmmmerwai
~’mdmrons armclpatcd durtcg transa[mrt, nC p~pe~ICS IM norts~n&d tn~terrals can be evaluated C%IY
In the dcsIgrr process to dctertnme wheLher ~cy ~ SUIMbIC Ior uw uod WIII cnhancc rhc contarrrcr dCSlgn.

( )thcr ca~bditi~s rclatlve [o t&$tmg ~q lnv~~~ga[~ ~1lA)s Alamos In(;Iudc @U recording pitCkiJ~CSWld
mock thwrnal loads which coul(j & SUled Irtsldc C~nwnmcnt VCS~WISdurrng [cstmg. lhcsc would CllfnlM~
dny cxrnnslc cf’feds from electrtcaf cables thmrtg tesung,

%IHTHODOL()(;Y”

The rncthodology hclng developed al Los Al~~ IS b~.~ on prlnclplcs 01 concuncnt cn~lneccng. At lk
\tart (~t k program, people Involved wllh lhc ~ckfl~c (tcsl~n, CLtnilic;luon. t~brlctiilon :Ind usc w brought
k)gcther mm a product dcvc lopment t~am. Although thIS nlcr.ho&)logy UpplICSto the cmnpletc pr(rdllct
dCVCk)pment process, thIS pit~ IS f~usmg on the (lCslgn ~~ Ccrtrf’icatl~n SWpSCrrlph;~$l~m~tiic llcriuon (>~
:IIIOIVSISand testtn~ l~hnlqum. ‘~c Nutivhls ;md tcstlnu tcchnlqucs (fIsi:usscd clrlwr ;lrc used ColKUrrCn(lV to
IkVC lop it complclc undcrswn(lmg ot how tic ~)i~k~~c (tcsl~n rcs~)n(~s M ihc CnvlronnlCIILS (k! Incd 111ihc
ICL!ULJIK)OS
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give off high levels of radiatmn, Some of the qu~~ons UIW while de[ermming dcsigrr consuamts mlgh[
Include: what ar.’ the overall S17Xrcqwremcnts tor [he packaI?c/ Are these SIZCir!quwemenM spccIlk 10 [he
~ue of the facditk using the pzkage! Are them SpEXH~conmmmenL shielding or cnucah[v rcquwcmcnls!
All th&x Issues rqulm a diver= Mm working mgerher 10 Improve the package de..lgn.

After the design constraints are defined, a conceptual des@r oi the pdx@g IS developtxt. ( ‘onceptual design
.lnaivsIs Xt.IVIUe,S evaluak an Uliual geometry by wh]ch tCSIhardw~ COJ_I~ pr~urcd. Imtd armivsls IS USCd
[() get an IL!= ot how tie pmlmrlnm: dcslgn WIII respond 10 tic dlffcrcnt cnvmmmcnts. (’muxms izclWiiKd
durrng this lnlti a,rralyws Ot tie concCpt~l dcslgn mav l~,~d II) I)IC [Mm dcc]rimg to rccvtiluute lhC [icslgn

constraints before proceeding to the prcllmmary design.

Once the p~uc[ ~ h~ approv~ he conceptual d~$lgn of tie packaging, tie preliminary des]gn ph= IS
Iruliated. During thc pmilmmary d~ign ph~, (@er anafvsls Ot tie ~ck.agutg design Indicates regions
where Utstrumeflwon IS m & ins~l~ In order [0 &nChm~k thc analyses, and suggests possible wtMkllc.5SC.S
In the dcs]gn that may rqu~e f~er dC~l~ analysls, Cv~(la~lon [esung or design modific.atmn. Tcstrng
during the preliminary demgn ph~ IS U~ 10 vcnfy Compulcr m~els, pruwde fcatback conccrnmg w m
lk desqpl of paIucukar mwmst, &Ennlnc thc bOWI&y Condltlons I(M \ubsqucn[ anafysls (e.g. Inllld dMl~e
defcmnauort fkcrm a crush input), demons~~ c~mpll~Cc Wl~ I () CFR 71, and provide an ernpwrcitf !’cx?lfor
how the contiwr WII1 responcf to the normaf ~d accident tmnsponauon cn’nronmcnts defined m tk
rcgutauons.

:\nalvsls plor to testing IS uwxj to gaur m;txlmum knowlcduc trom ws(lnu and M KIVe u biIsis tor (hc diiia
rcqwred to benchmark the analyses used for ccrut’lcimon. In (wdcr to obtiun u:’able a!!d opumal data trom
K2wng, predicted Icvels of strain. Wcclcm[lon, dlsplacCmcnt, t)r rcm~r~lurc drc needed. ‘Ilc prcd]ctmn ot
lh~ ICVSISM done by OIUly:;IS, Md Lhis ln~orm~~on IS uM.d 1(),~l~t IYpcs 01 lns~mcn~uon w usc m order to
gather usable data

Results from mmitl tesung carl provldc bou- Condltlons”Ior sub~ucnt anafysls and m(rdcllng, f:{~
example, deforrnar,ton and Other ~agC ob~rved (m~surcli) d~ng Inlual Wsung MC u.wd (() dc[inc lnluaf
houndury conditions for shdding and crlucajl[y anafyscs, “]’hls111(um UIIOWSu ~ttcr cviduiumn 01 shwlding
tifecuvcness and crlucalltv lmpll~tlons, pos[-~st ~n~vsls IS USC(tto Interpret test resulls.



in Lull. the test results can & IJ.sed [O t’urther Verify he mmjcl. R~tlnernenl O! (hc me::h allows [h? stress sri3tc
~Jf W enure stru~: urc m he dcmrmmcd at sqx?alic locmcms. Through an ucratron proce.%. tiiv Icvcl o!’ dcslgn
margm cim bc otmuned.

l>~ckagc prod [cstrng gcner~lly dcmons~~w$ ti~[ a ~t)n~lnCr dcslgn mcc Ls rcguliitcwy icqu]rumcn L% While
[his works, the proposed concurrent meLhodoloKY ~II~WS Ior ~ ~ltcr undcrs~dng CMthe conuuncrs res~nse
‘.0 Po.StUtatedtransporlatrorr envlronmen~ ~d ~[OWS a de[crmlnatlon o!’ the dcwgrr mafgtrl. [n CI!’CCLthC
methodology answers the quesuon, “IS the conralncrs wr~~t ~lnt al 50% or 95% of ylcld’?” A to@lly
Unmstrurncnted test or a test without ms~mcn~tmn In LhcWowr tocauons may not answer this queStIon. An
accident ~VKOnment that slightly exceeds the regulatory rcqlurement (or worse yet, Just the test-lo-wst
varrauon) might pos.s[bly IMd to a rsleaw o!’ radIoacuvc matcrral.

Arl eX~p]e Of the concurrent cn~n~nng approach with res~ct to onc component of a paC’tige dcslg’n IS
demOnSWUed with the selearoa and cc~~icauon ol a @ ~eslgn. Once the package design consuiunts are set,
J W design is proposed. ini~ ~~ySIS Of wc conccptul &slRn IS usd to ~l~t the Wling material. This
$ch?cuon takes mto consldemuon et’f~ts lhc ConLCntsmay have, ~)th f’rom tie radlau~rr MM-!the heat given off,
[cmperatures the seals WIII be exposed LOduring no~~ ~on(jl~c)ns Ot transport and during rhc hvpotneucal
~ccldent tire, and the Icvei [J! conramment rcqumd. Thcmnal tcstmg prrmw.lcsa temperature dlstnbutron m h
rcglon 0!’ Lk WI through ti~~ent m~~ments. Sub.wucnt Id t~tln~ vcn!i~ L!M1the SIN! rCr’fliMls hk

tight aiter bang exposed to rhc therrn~I CnvimnnlcnL~, ,\n~vsls ~1(t,hc t.cmpcraturc dlstnbutmn during the t-l~
lndjcixes that the 0-rrng WII rcmwns ~IoW Mc ma~naj ~cm~ ~ln]lmuons during tic IUCI t’irc cnwronment
and tit no gaps form as a rcsuh Ot thermal cxpam.lon ~llc)wlng IOiS CI the prccompressmn k)iut on the .sds.

( ‘ONCLUS1ONS”

i“hccombmtmrr 01 the mpui and output of lhm cffom should provdc a gcrrcriil mcth(xlolo~y Ihat tjcslllncfs of
[’VPCB rmlmmmve mutcrmd $hlppm~ conliuncm C’anutllltc to OpMTIIZC am! ccrwi”ytheir dcslgns.
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